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Abstract. – OBJECTIVE: To investigate the
effect of recombinant human p53 adenovirus
injection combined with paclitaxel on human
cervical cancer HeLa cell proliferation, apopto-
sis and expression of vascular endothelial
growth factor (VEGF).

MATERIALS AND METHODS: Detection of ef-
fects of paclitaxel, rAd-p53, and drug combina-
tion on the proliferation of HeLa cells by MTT
method. Detection of effects of paclitaxel, rAd-
p53, and drug combination on the proliferation
of HeLa cells by diamidino-phenyl-indole (DAPI)
staining. Detection of effects of paclitaxel, rAd-
p53, and drug combination on the expression of
VEGF of HeLa cells byWestern blotting.

RESULTS: Paclitaxel, rAd-p53 alone or in com-
bination could inhibit the proliferation of HeLa
cells in 24-72 h. The inhibition is time dependent
and dose dependent. Inhibition of HeLa cells in
the combination group was significantly higher
than single use of paclitaxel group and rAd-P53
group (p < 0.05).The combined effect of the coef-
ficient of drug interaction (CDI) value was CDI <
1, showing that the two have a synergistic effect.
Cell inhibition rate combined group of RAd-P53
(5 × l07 vp/mL) and paclitaxel (3 µg/mL) 48 h af-
ter application is higher than that of monothera-
py group [(54.0 ± 0.92) % vs. (31.8 ± 0.58) %,
(27.2 ± 0.55) %, p < 0.05]. The apoptosis rate of
HeLa cells in combination group was significant-
ly higher than that in paclitaxel group, rAd-p53
alone group [(83 ± 0.07) % vs. (11 ± 0.01) %, (36 ±
0.04) %, (62 ± 0.05) %, p < 0.05]. Expression of
VEGF in HeLa cells of combination group was
significantly lower than that of the two single
drug groups. Expression of VEGF in HeLa cells
was decreased by (81 + 0.08) %, (45 + 0.07) %
and (60 + 0.06) % (p < 0.05), respectively.

CONCLUSIONS: The effect of rAd-p53 and
paclitaxel inhibiting HeLa cell proliferation and
induction of apoptosis is better than the single
drug. Its mechanism may be related to the
down-regulation of VEGF.
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Introduction

Cervical cancer is the most common gyneco-
logic malignant tumor. Early stage cervical carci-
noma can be cured by operation or radiotherapy,
and terminal cervical cancer lost operation op-
portunity. Radiation treatment alone showed poor
effect with high recurrence rate. Endocrine func-
tion damage occurred to young patients after ra-
diotherapy, causing vaginal epithelial fibrosis and
vaginal contracture that had serious impact on
patients’ quality of life. Since application of the
new adjuvant chemotherapy (NACT) in cervical
cancer in clinic, large amounts of data1-6 show
that preoperative local chemotherapy can effec-
tively reduce the size of tumor in advanced cervi-
cal cancer, to down-staging, to create the condi-
tions for operation treatment, and to improve the
effect of operation. But drug resistance during
chemotherapy affects the treatment result.
Study7,8 proved that wild type p53 gene muta-
tions play an important role in the occurrence
and development of cervical cancer, and resis-
tance to chemotherapy is related to p53 gene mu-
tation in tumor cell. This study intends to use the
recombinant human adenovirus-p53 (rAd-p53)
infection of cervical cancer cell HeLa to observe
whether reconstruction of p53 gene in tumor
cells can improve the sensitivity of it to
chemotherapy. We will discuss the mechanism
and the effect of rAd-p53 combined with pacli-
taxel for cervical cancer by detecting the changes
of vascular endothelial growth factor (VEGF) ex-
pression on HeLa cells after paclitaxel treatment.
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Materials and Methods

Main Materials
Cervical cancer cell line HeLa is from blood

disease research Chinese Tianjin Medical Sciences
Institute, cultured in Roswell Park Memorial Insti-
tute 1640 medium (RPMI 1640) medium contain-
ing 10% fetal bovine serum (FBS) in incubator of
5% CO2, 37°C with saturated humidity, and pas-
saged using 0.25% trypsin for digestion. The cells
were in logarithmic growth phase. Recombinant
human p53 adenovirus injection (1 × 1012 vp/tube)
was purchased from Shenzhen SiBiono Gene
Technologies Co. Ltd. (No. 20090201), diluted
with phosphate buffered saline (PBS).
Paclitaxel (size 5 mL: 30 mg) was purchased

from Yangtze River Pharmaceutical Company
(No. 09102901). Mouse anti-human VEGF mon-
oclonal antibody was purchased from Bioworld
Technology Inc. (St. Louis Park, MN, USA).
General S-P9000 kit was purchased from Beijing
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Zhongshan Biotechnology Company. Protein
electrophoresis and power transfer device were
purchased from Bio-Rad Company (Hercules,
CA, USA). The image processing apparatus was
purchased from American Gene Company
(Genetech’s South S. Francisco, CA, USA). Flu-
orescence microscope was purchased from
Olympus Corporation, Tokyo, Japan.

Detection of Effects of Paclitaxel,
rAd-P53, and Drug Combination on the
Proliferation of HeLa cells by MTT Method
Cell concentration of HeLa in logarithmic

growth phase was adjusted to 5 × 104/mL, cul-
tured in a 96-well plate with 200 µL per well. Af-
ter culture for 24 h, the supernatant was discard-
ed. Add 200-µL medium containing paclitaxel
and rAd-p53, respectively. For combination
group, add paclitaxel before adding the rAd-p53,
and cultured for 24, 48, 72 h. The control group
was added only with medium and without drugs.
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Time (%)
Group Inhibition 24 h 48 h 72 h

Paclitaxel (µg/mL)
1.5 13.9 ± 0.44 16.3 ± 0.21 11.2 ± 0.13
3 27.6 ± 0.68 31.8 ± 0.58 29.2 ± 0.14
6 36.3 ± 0.13 40.2 ± 0.23 39.3 ± 0.36
rAd-p53 (vp/mL)
5 × l06 10.4 ± 0.27 15.0 ± 0.77 19.5 ± 0.45
5 × l07 26.0 ± 0.31 27.2 ± 0.55 30.4 ± 0.57
5 × l08 34.7 ± 0.59 42.6 ± 0.25 47.2 ± 0.16
rAd-p53 (vp/mL) + Paclitaxel (µg/mL)
5 × l06 + 1.5 34.6 ± 0.20* 43.2 ± 0.72* 46.8 ± 0.51*
5 × l07 + 3 47.8 ± 0.10+ 54.0 ± 0.92+ 62.4 ± 0.16+

5 × l08 + 6 68.8 ± 0.43§ 78.8 ± 0.25§ 84.9 ± 0.28§

Table I. Effect of paclitaxel and rAd-p53 alone or in combination on the proliferation of HeLa cells.

*p < 0.05 vs. paclitaxel alone or rAd-P53 group; +p < 0.05 vs. paclitaxel alone or rAd-P53 group; §p < 0.05 vs. paclitaxel alone
or rAd-P53 alone group.8-oxoguanine (pg/ml)

Control Paclitaxel rAd-p53 rAd-p53+paclitaxel

Figure 1. Effect of paclitaxel and rAd-p53 alone or in combination on the apoptosis of HeLa cells.



Each group had four repeats. Add to each well 20
µL of fresh medium with 0.5 mg/mL MTT 4 h
before termination and continue incubation for 4
h. Add 200 µL Dimethyl Sulfoxide (DMSO) to
each well. We took values for each well using
492 nm optical density (OD). The experiment
was repeated for three times. Cell inhibition rate
for each group was calculated according to the
following formula: Cell inhibition rate (%) = (1 −
OD of drug group/OD of control group) × 100%.
Coefficient of drug interaction (CDI) was used to
evaluate properties of two drug interactions. CDI
= AB/(A × B). AB is the ratio of OD value of the
two drugs combination group and control group.
A or B is the ratio of OD value of the single drug
group and control group. CDI < 1 means that the
two medicine had synergistic effect. If CDI = 1,
effect of two drugs effect was additive. When
CDI > 1, the two drug effect had antagonistic
properties.

Detection of Effects of Paclitaxel,
rAd-p53, and Drug Combination on the
Proliferation of HeLa cells by DAPI Staining
HeLa cells were cultured in 24-well plate and

were added with Paclitaxel (3 g/mL), rAd-p53 (5
× l07 vp/mL), and the combination of two drugs,
respectively, when the confluence is up to 50%.
The control group was not added any drugs. Af-
ter culture for 48 h, Hela was DAPI stained for
detecting the apoptosis. The protocol was that the
HeLa cells were washed three times with PBS,
and then fixed with 4% paraformaldehyde (dis-
solved in 0.1 mmol/L PB, pH 7.4) for 15 min at
room temperature. Wash again with PBS for
three times. Add 10 µg/mL DAPI. Incubated for
30 min at 37°C. The cells were observed under a
fluorescence microscope. Determination method
for apoptotic cells is irregular margin of the nu-
cleus, nuclear chromosome concentration, heavy
coloring, and accompanied by chromatin conden-

sation and increased nuclear fragmentation. The
calculation of apoptosis rate: randomly select 10
fields in each well under the vision of 400 times,
and calculate the percentage of apoptotic cell
number to total cell number.

Detection of Effects of Paclitaxel,
rAd-p53, and Drug Combination on the
Expression of VEGF of HeLa Cells by
Western Blotting
HeLa cell in the logarithmic growth phase was

cultured, digested, centrifugated, and adjusted to
the concentration of 1 × 106/mL. Cells were
added with paclitaxel (final concentration 6
g/mL), rAd-p53 (final concentration of 5 ×
108vp/mL), both rAd-p53 and paclitaxel in com-
bination group 24 h after culturing in 4-mL flask.
The control group was without drugs. Cultured
for another 48 h and then collect lysed cells. The
lysates were measured for protein concentrations.
Equal amounts of protein samples were added
for 10% sodium dodecyl sulphate-polyacry-
lamide gel electrophoresis (SDS-PAGE) and then
transferred to nitrocellulose (NC) membrane us-
ing semi-dry transfer method. NC membrane was
blocked by 3% bovine serum albumin (BSA). In-
cubate with primary antibody (anti-VEGF anti-
body, 1:1000) overnight at 4°C. Wash nitrocellu-
lose with three 5-min washes. Incubate with Goat
antirabbit (IgG-AP, 1:2000) of about 10 mL 3 h
at 37°C. Wash nitrocellulose with three 5-min
washes. Show the colored liquid in the freshly
prepared AP using the NBT/BCIP kit. Water
washing terminates reaction. The staining result
was analyzed by image analysis software. β-
Actin was used as internal parameters in order to
guarantee the accuracy of experimental results.

Statistical Analysis
The data were analyzed by SPSS 18 statistical

software (SPSS Inc., Chicago, IL, USA). Data of
each group was shown as, one-way ANOVA. p <
0.05 or p < 0.01 means it has statistically signifi-
cant difference.

Results

Drug Combination of rAd-p53 and
Paclitaxel Significantly Inhibited the
Proliferation of HeLa cells
MTT test results (Table I) shows that drug use of

different concentration of paclitaxel, rAd-p53, rAd-
p53 in combination with paclitaxel could all inhibit
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Figure 2. Effect of paclitaxel and rAd-p53 alone or in
combination on the expression of VEGF in HeLa cells. *p <
0.05 vs. control or vehicle groups; #p < 0.05 vs. paclitaxel or
rAd-p53 groups.

Control Vehicle Paclitaxel

VEGF

β-Actin

rAd Paclitaxel+
-p53 rAd-p53
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istration, and paclitaxel 3 g/mL, rAd-p53 of 5 ×
107vp/mL and the co-administration. But the de-
creased expression of VEGF is lower which is
less than paclitaxel 6 g/mL, rAd-p53 5 ×
108vp/mL monotherapy group and two drug
combination group (Data not shown).

Discussion

Zhang et al’s study9 showed that the mutation
in the p53 gene is related not only with cervical
cancer morbidity but also with the cervical can-
cer cells sensitivity to chemotherapeutic. Some
research5,10,11 has shown that the combined appli-
cation of recombinant p53 and radiation therapy
or phototherapy in cervical carcinoma can im-
prove the treatment effect of radiotherapy and
phototherapy. Recombinant human adenovirus
p53 combined with chemotherapy also showed
stronger tumor suppression effects in the treat-
ment of various tumors than chemotherapy treat-
ment alone12-15. Recombinant human adenovirus
p53 product rAd-p53 is with adenovirus as the
carrier to transfect of p53 gene into tumor cells,
which will induce the exogenous p53 gene highly
expressed in cells. It will not only fulfill the
G2/M phase block of the cell cycle, but also pro-
mote apoptosis of tumor cells and improve the
sensitivity of various tumor cells to chemothera-
py and radiotherapy through the activation of Bax
gene, inhibition of Bcl-x gene, and expression of
apoptosis genes Puma, Bak, and Fas16,17.
Paclitaxel is a kind of antitumor drug extracted

from the Pacific Taxus mountain mahogany.
Polymerization and depolymerization of micro-
tubules is essential for chromosome segregation
in cell mitosis. Paclitaxel binding to microtubules
β position specifically hinders the microtubule
motor causing the cells fail to mitotic and apop-
tosis18. Paclitaxel has antitumor activity on hu-
man ovarian cancer, cervical cancer, and other
malignant tumors. But as other chemotherapy
drugs, paclitaxel is also faced with the problem
of drug resistance in tumor cells. It needs to
maintain the stability of p53 in tumor cells to re-
duce the paclitaxel resistance. The mechanism
may be related to paclitaxel’s function of causing
cells cycle arrest in the G1 phase, mediating cell
apoptosis selectively8. Wild type p53 gene pro-
motes the cell cycle arrest and apoptosis induced
by the chemotherapeutic, while p53 gene muta-
tion will lose this function which is one of the
important causes of tumor cells to chemotherapy

the growth of HeLa cells after 24, 48, 72 h. The
drug effect is time-dependent and dose-dependent
pattern. HeLa cell proliferation inhibition rate un-
der different concentrations of rAd-p53 combined
with paclitaxel in the 24, 48, 72 h was significantly
higher than that of single use of paclitaxel or rAd-
p53. CDI < 1 calculating of the combined effect of
different concentration of rAd-p53 and paclitaxel,
so the two have a synergistic effect.

Drug Combination of rAd-p53 and
Paclitaxel Induces Apoptosis of HeLa cells
The experimental results (Figure 1) show that

only a few apoptotic cells are shown in the control
group. However, after treatment of paclitaxel (3
g/mL), rAd-p53 (5 × l07vp/mL) alone or combina-
tion to HeLa cells, cell chromatin agglutination,
fluorescence-staining enhancement, condensed
lumpy or granular fluorescence of the chromatin
and the formation of apoptotic bodies are all
shown in cells. The statistical analysis showed:
HeLa apoptosis rate was (11 + 0.01) % in control
group. Apoptosis rate was (36 + 0.04) % in pacli-
taxel group. Cell apoptosis rate was (62 + 0.05) %
in rAd-p53 group rAd-p53. Apoptosis rate was (83
+ 0.07) % in group of rAd-p53 combined with pa-
clitaxel. Thus, cell apoptosis rate increased in
group of combination of rAd-p53 and paclitaxel
compared with the single drug group (p < 0.05).
This study also detected other dosage and time,
finding that a lower dose of paclitaxel and shorter
delivery time have little effect on promoting apop-
tosis of HeLa cells. While HeLa cell death is enor-
mous when it was administered with higher
dosage and longer time, in which condition it can-
not do DAPI detection (Data not shown).

Drug Combination of rAd-p53 and
Paclitaxel Reduced Significantly the
Expression of VEGF in HeLa cells
When Hela cell was treated with paclitaxel (6

g/mL), rAd-p53 (5 × 108 vp/mL), and the combi-
nation of two drugs, respectively, it was shown in
Western blotting (Figure 2) that the level of
VEGF expression in HeLa cells decreased (45 +
0.07) % in paclitaxel group compared with con-
trol group, and the expression level of VEGF was
lower (60 + 0.06) % in rAd-p53 in group than
that in the control group. The expression level of
VEGF decreased (81 + 0.08) % in the combina-
tion therapy group than the control group (p <
0.05). The experiments were also carried out
HeLa cells treatment with paclitaxel (1.5 g/mL),
rAd-p53 (5 × 106 vp/mL), and combined admin-
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a synergistic role in improving the efficacy of
drugs through multiple channels and links. At the
same time, it can decrease the drug concentra-
tion, and reduce adverse reaction delaying the
emergence of drug resistance.
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